Abstract: Knowledge assets represent a special set of resources for a firm and as such, their management is of great importance to academics and managers. The purpose of this paper is to review the literature as it pertains to knowledge assets and provide a suggested model for intellectual capital management that can be of benefit to both academics and practitioners. In doing so, a set of research propositions are suggested to provide guidance for future research.
Introduction
The Resource-Based View (RBV) of the firm is one of the most prominent theoretical perspectives in strategic management (Ahuja and Katila, 2004; Barney, 1991; Eisenhardt and Martin, 2000; Helfat and Raubitschek, 2002; Teece et al., 1997; Wernerfelt, 1984) . Central to this perspective is the idea that firms differ in their resource positions, and that such resource heterogeneity is a source of performance variability across firms (Peteraf, 1993) . It is largely accepted that the Knowledge-Based View (KBV) of the firm is a recent extension of the (RBV) (Balogun and Jenkins, 2003; Curado and Bontis, 2006; De Carolis, 2002; Grant, 1996; Hoskisson et al., 1999; Huizing and Bouman, 2002; Roos, 1998; Sveiby, 2001) . The KBV considers knowledge assets as the most important strategic resources and, in that sense, they warrant critical examination.
The conceptualisation of knowledge as a resource establishes the theoretical connection between the RBV and the KBV of the firm (Malerba and Orsenico, 2000) . The notion that unique resources would provide increasing returns was first suggested by Penrose (1959) , and then further explored by Rumelt (1984) , Foss (1997) and Sveiby (1997) . This new perspective is consistent with approaching organisations as cultures. Culture is most repeatedly defined by Schein (1985) as a set of assumptions and beliefs held in common and shared by members of an organisation. Organisational culture represents the stock of knowledge, coded or not, within integrated patterns and routines (Balogun and Jenkins, 2003) . As such, the fields of knowledge management, organisational learning and intellectual capital concern themselves with the processes that enable such cultures to be developed.
Literature review
There exists a variety of typologies, taxonomies and frameworks that describe knowledge processes in the extant literature (Lytras and Pouloudi, 2006) . However, there is still a lack of cumulative theoretical development reflecting the embryonic state of the field. The scientific conception of knowledge in organisations is still in its early stages of development. Although a large and growing body of literature on organisational knowledge, organisational learning, knowledge creation, intellectual capital and knowledge management is emerging, generally speaking, the field is still in its infancy (Bontis and Nikitopoulos, 2001; Bontis et al., 1999; Croasdell et al., 2003; Despres and Chauvel, 2002; Georgopoulos, 2005; Lytras and Sicilia, 2005; Nonaka, 1991; Nonaka and Nishiguchi, 2001; Nonaka and Takeuchi, 1995; Ordonez De Pablos, 2006) .
In a comprehensive meta-review of the literature, Serenko and Bontis (2004) state that the fields of intellectual capital and knowledge management have grown dramatically over the last few years with a 50% increase in publications per annum. This is quite remarkable for a nascent field with its earliest academic papers dating from the mid-1990s. Even though the field is considered in its embryonic stages, the concepts are still often referred to as fuzzy (Stewart, , 1998 . Notwithstanding, there exists some convergence of what intellectual capital, knowledge management and organisational learning encompass (see Bontis 1999 Bontis , 2001a for a comprehensive review).
Organisational learning is a dynamic process that occurs through different levels and dimensions within the organisation (Chauhan and Bontis, 1994) . A dynamic tension is created between the process of assimilating new knowledge developed at the individual level (feed-forward), and the use of that institutionalised knowledge by individuals (feedback). This tension occurs because organisational learning requires various levels of behaviour modification that are in alignment Crossan and Berdrow, 2003; Crossan et al., 1999; Crossan and Hulland, 2002) . These two processes are an extension of the ambidextrous view of the firm first presented by March (1991) . March (1991) argued that ambidextrous firms were able to balance both the process of exploration and exploitation.
Exploration consists of the development of learning routines that the organisation establishes to create new products and processes. Flexibility, research, risk taking, experimenting and innovation are significant components of this process. Exploitation consists of the development of learning routines that refine these products, processes and preexisting knowledge bases. Choice, production, efficiency, selection, implementation and execution are significant components of this process.
Recall that feed-forward learning flows correspond to learning processes that go from the individual to the organisational level, whereas feedback learning flows represent the impact that organisational-level learning has for individuals. An evident parallelism can be drawn which supports the following two research propositions.
Research Proposition 1: Feed-forward learning flows correspond to the exploration processes of a firm. This kind of learning involves individual acts of creation, experimentation and innovation, having in perspective the improvisation of future knowledge. This learning flow transforms individual into group and organisational level knowledge.

Research Proposition 2: Feedback learning flows correspond to the exploitation processes of the firm. This kind of learning involves the refinement of preexisting knowledge bases and the capability to modify and reuse them. This learning flow transforms from the organisational to the group and individual level.
There are important implications in balancing the tension between exploration and exploitation. A firm that manages to innovate and create new businesses and market opportunities, must also be able to execute a strategy that takes advantage of that new opportunity. The problem of balancing exploration and exploitation is exhibited in distinctions made between the refinement of an existing technology and the invention of a new one (Levinthal and March, 1981; Winter and Szulanski, 2002) .
Returns from exploration are systematically less certain, more remote in time and organisationally more distant from the locus of action and adoption. Organisations, through adaptive processes, characteristically improve exploitation more rapidly than exploration. The advantages of exploitation accumulate. Each increase in competence at an activity increases the likelihood of rewards for engaging in that activity, thereby further increasing the competence and the likelihood of rewards (March, 1991) . Tallman (2001) presents the following distinction: exploitation generates present rents; whereas exploration originates the capability to generate future rents. Can both strategies be used simultaneously? Knott (2002) gathered empirical evidence in support of the proposition that combining both strategies reinforces each one of them. There is a complementary effect between the two opposite strategies: exploitation (static optimisation) and exploration (dynamic optimisation). According to the author, firm success in competitive environments involves exploitation of existing firm competencies, while surviving in dynamic environments involves the exploration of new competencies. Ichijo (2002) presents the dual option as the one involving the use of both strategies to be able to manage in different competitive contexts.
Organisations that choose to focus on one of the strategies generally do not use the other one. According to Bierly and Daly (2002) , firms need different kinds of structure, culture and organisational capabilities for each strategy. However, other researchers believe that this is not a one or the other choice, but rather a case of sequencing. For example, during the early stages of the new product development process, a firm may be prospecting for new wealth-creating opportunities. During this discovery period, the exploratory search involves basic research, invention, risk-taking and building new capabilities with the goal of developing new knowledge or capabilities which it can subsequently exploit to create value (Cohen and Levinthal, 1990) . Once potentially valuable knowledge and skills have been acquired through exploration, the firm then turns to exploitation activities. Thus, the exploration-exploitation model implies a sequencing for the use of these processes by organisations (Rothaermel and Deeds, 2004) . In fact, exploitation cannot, by definition, take place without prior exploration which then goes on to feed exploitation in a reinforcing loop.
In reality, most firms engage in both activities simultaneously because they manage concurrent projects at different stages in the product development process. Yet, from a theoretical viewpoint, the exploration-exploitation model implies that a firm's competency that is currently exploited must have been explored at some earlier time (Rothaermel and Deeds, 2004) .
Research Proposition 3: The processes that lead to direct innovation and commercial success can be attributable to the coordinated sequencing of exploration and exploitation as opposed to the selection of one or the other.
Firms that successfully coordinate the processes of exploitation and exploration through multiple levels of the organisation are hypothesised to extract the full value of their intangible resources. As such, they are also managing to build their intellectual capital.
Managing intellectual capital
The intellectual capital concept was originally developed as an accounting proxy of the difference found between the market and book values of publicly traded firms (Bontis, 1996; Bontis, 2003; Brooking, 1997; Edvinsson, 2000; Joia, 2000; O'Donnell et al., 2004; Pike et al., 2002) . The intellectual capital of a firm is a powerful resource (Alvarez and Busenitz, 2001; Bontis, 2002; Cabrita and Bontis, in press; Cleary et al., in press; Cohen and Prusak 2001; Guthrie, 2001; Nahapiet and Ghoshal, 2002; O'Donnell et al., 2006; O'Regan et al., 2001; Seleim et al., 2004; SubbaNarasimha, 2001 ) that is often recognised as the most valuable and most important asset of the organisation Wiig, 1997) . Intellectual capital is an intangible asset that can be seen as a source of competitive advantage (Birchall and Tovstiga, 1999; Bontis and Fitz-enz, 2002; Caddy et al., 2001; Davenport and Prusak, 2000; Sánchez et al., 2000) for countries as well Bontis, 2004) . suggests that intellectual capital represents the 'stock' of knowledge that exists in an organisation. Intellectual capital relates to all organisational knowledge; tacit and explicit; individual and collective. Managing this stock of knowledge in the firm is the domain of knowledge management theorists (Bontis, 2002; Bontis et al., 2006; Choo and Bontis, 2002) . Unfortunately, stock values do not adjust instantaneously, but are accumulated through consistent investments (Ariely, 2003; Bontis and Girardi, 2000; Dierickx and Cool, 1989) .
There are a variety of typologies proposed, however, the distinction of human capital, structural capital and relational (customer) capital are most common in the literature and were first evidenced in the mid-1990s (Bontis, 1996; Edvinsson and Sullivan, 1996; Petrash, 1996; Saint-Onge, 1996) . Human capital, in a simplified way, is defined as the knowledge embedded in the minds of all employees (Bontis and Serenko, in press ). Structural capital consists of the stock of knowledge that stays in the organisation when the employees go home. This consists of all of the non-human storehouses of knowledge contained in databases, filing cabinets, processes and electronic mail . Finally, relational capital consists of the knowledge embedded in external networks which consists primarily of knowledge about customers.
The essence of human capital is individual knowledge, the intelligence of each organisational human element. The maximum capacity of human capital is limited to the individual, and reflects the employee's ability to learn and improvise on behalf of its organisation (McKnight and Bontis, 2002; Stovel and Bontis, 2002) . Human capital guarantees the inputs to the knowledge creation process (Boisot, 2002) . According to Hudson (1993) , human capital results from individual's tacit knowledge and can be defined as a combination of four factors: genetic inheritance, instruction, experience and personal attitude. The human capital base contained in high level managers and other specialists may determine organisational success. This will be achieved if human capital is valuable, rare, has no perfect imitation and is not substitutable by any other resource by the competitors (Wright et al., 1994) . In this way, it supports Barney's (1991) conditions for sustaining competitive advantage.
However, human capital is the intangible asset that presents the highest mobility (Teece et al., 1997) . Once the organisation has integrated human capital with other complementary resources, and it uses that integration to develop organisational competencies, the fact that one or more workers may leave the firm might not imply a loss in competitive advantage. On the contrary, the competitor who acquired that worker would need to access all other organisational resources and systems to fully use the knowledge resources the individual possesses (DeNisi et al., 2003) . Structural capital is made up of explicit knowledge and can reflect the causal ambiguity of organisational resources (making it difficult for competitors to imitate). Furthermore, relational capital requires significant investment in market orientation and customer information in order to learn about client desires, tastes and needs. Each of these components on its own is useless. Smart employees (human capital) who know nothing about what customers want (relational capital) cannot convert technology (structural capital) into sustainable advantage. A coordinated investment of all three second-order components of intellectual capital is required to drive business performance (Bontis, 1998 
The (MIC) matrix
By combining and integrating the elements of the following disciplines: organisational learning, knowledge management and intellectual capital, we propose the MIC (management of intellectual capital) matrix. The matrix encompasses the elements of feed-back and feed-forward learning, the tension of exploitation and exploration, the perspective of multiple levels of analysis and dimensions of intellectual capital (see Figure 1) .
A: This matrix represents a longitudinal approach to managing intellectual capital over several phases. We start at point A as a brand new start-up organisation. At this stage, our firm is in the exploration phase and we must feed-forward the knowledge embedded within our human capital at the individual level of analysis. To do this, we must recruit the best talent available. By securing the services of researchers and scientists, we may develop knowledge in brand new areas.
B:
At point B, our matrix sequentially transforms towards the exploitation of individual level knowledge. Here, we are required to implement knowledge management initiatives that allow the firm to extract the talent and competencies embedded in the minds of its employees. In this case, if we suffer from voluntary turnover, we can mitigate the threat through the use of exit interviews and tight controls of knowledge ownership.
C:
As we sequentially cycle back to exploration to point C, the individual knowledge stocks have now been embedded into organisational resources such as databases and new routines. In aggregate, the firm may now seek out new opportunities for commercial success.
D:
The best commercial opportunities become part of the firm's intellectual property portfolio which consists of patent-pending inventions. Here, the firm is now in a position to exploit new market opportunities by harvesting its organisational resources.
E:
The external level of analysis provides a customer-centric view of how the intellectual resources may be used to service client needs. This exploratory process yields new ways in which current stocks of knowledge in the firm can be recombined for commercial success.
F:
The execution of market opportunities yields new products and services that generate sustained economic rents while the knowledge is legally protected. Over time, relational capital is further enhanced as clients coevolve the future development of products and services.
In some cases, a large organisation may have multiple lines of business at different points within the MIC matrix. Successful and/or failing ventures may even fall off the portfolio mix allowing new opportunities to start again at point A. This dynamic matrix provides a sequencing of processes that cycle back and forth through the tension of exploration and exploitation along several levels of analysis. Each cell within the MIC matrix yields a different set of indices that may be measured and tracked over time. For example, point A can be measured using output from HR recruitment. The intellectual capital literature has a long-standing tradition of providing a variety of metrics for human capital as it relates to the capabilities of individuals. Point D can be measured by taking an audit of the portfolio of patents that have been filed. Point F can be measured by calculating the proportion of revenue that can be attributable to products and services that have been developed in the last year. One can also measure ratios as a proxy for allocation. For example, by taking A/B, one can determine if a firm is spending more of its resources on recruitment versus knowledge management. Depending on the metrics utilised, it may be more prudent to calculate the Eucledian distance in this case (see Appendix for a brief discussion). Furthermore, one can aggregate total sets of figures among rows or columns. For example, the sum of all exploration activities (ΣA + C + E) versus the sum of all exploitation activities (ΣB + D + F). This quotient (or Euclidean distance) would provide a value that addresses the tension between exploration and exploitation.
Conclusion
There is a considerable overlap in the scope of intellectual capital, knowledge management and organisational learning. This matrix presents a possibility to fulfil the desire for prescription by transformational leaders (Boehnke et al., 2003; Bontis, 2001a,b) . It is an attempt to conceptualise an integrated framework linking disparate literatures together (Reinhardt et al., 2003) . We suggest the use of both qualitative and quantitative items that can be used to test a variety of research propositions generated with the MIC matrix as a conceptual lens.
